A high resolution spectrum of a pre-main sequence star HD 377 is analyzed. The atmospheric parameters are found to be: T eff = 5875 K, log g = 4.25 and the microturbulent velocity ξ t = 1.40 km s −1 . The metallicity of HD 377 is slightly higher than of the Sun, [Fe/H] = 0.21. The lithium abundance is very high log ε(Li) = 3.02.
INTRODUCTION
Gas-poor disks of circumstellar dust dubbed as "debris disks" have been found around many nearby young stars. One of such objects is a G2 V field star HD 377, which according to its luminocity has already reached the main sequence. The surrounding debris disk has been recently studied by Moór et al. (2006) and Roccatagliata et al. (2009) . It is characterized by a high dust fractional luminosity f d = 4 · 10 −4 . This fractional luminosity is defined as the ratio of integrated IR excess of the disk to the bolometric luminosity of the star. Moór et al. (2006) estimated that such a star could be younger than 100 Myr. The younger the star, more rapidly it rotates, has strong chromospheric emission lines such as Ca II H and K, and has a large Li abundance. HD 377 indeed shows a strong emission in Ca II lines (Figure 1 ). Song et al. (2004) have estimated the age of HD 377 from the Ca II emission cores 2.4 · 10 8 yr and Wichmann et al. (2003) -1 · 10 8 yr from the lithium abundance. Roccatagliata et al. (2009) concluded that the average age of HD 377 from a few determinations is log (Age/yr) = 8.01.
The basic parameters of HD 377, as listed in the SIMBAD database, are presented in Table 1 . The visual extinction towards HD 377, A V , is less than 0.03, as estimated by the code of Hakkila et al. (1997) . The luminosity of HD 377, deduced from these parameters, is log(L/L ⊙ ) = 0.08 or M bol = 4.56 mag. Valenti & Fischer (2005) have analyzed the high resolution spectra of HD 377 among other 1040 stars with their automatic spectra fitting method, and derived the abundances of a few elements. In this work we analyze the spectra of the star in more traditional way trying to estimate the abundances of more elements.
As observational material we use four spectra taken from the NARVAL database (http://tblegacy.bagn.obs-mip.fr/narval.html). NARVAL is a new generation stellar spectropolarimeter copied from ESPaDOnS and adapted to the specifics of the 2 m telescope Bernard Lyot atop of Pic du Midi (Donati 2007) . The used spectra were observed on 2010 December 13. They cover the wavelength range 360-1048 nm, have a resolution of about R = 65 000 and the signal-to-noise from 10 at short wavelengths to about 250 in the red part of the spectra.
ANALYSIS

Measurement of the spectra
First, the spectra were converted from the NARVAL native format to IRAF image files, coadded and further measured with the IRAF task 'splot'. The data accompaning the spectra indicate that the mean Geocentric Julian date of the four spectra was 2455544.364, and the mean heliocentric radial velocity was -29.57 km s −1 . The instrumental broadening ∆λ A = 0.12 ± 0.01Å was measured using terrestial lines in the 6430-6475Å region. In the same region the stellar lines have the widths of ∆λ = 0.47±0.04Å. This gives the broadening velocity of about 15 km s −1 . The macroscopic velocities in G2 V stars are about 3 km s −1 , therefore, the rotational velocity is close to v sin i = 12 km s −1 . For the identification of lines the Rowland tables (Moore et al. 1966) were used.
Atmospheric parameters and used model atmospheres
The spectral type G2 V of HD 377 corresponds to T eff = 5820 K. Valenti & Fischer (2005) have found that [M/H] = 0.11, T eff = 5873 K and log g = 4.28 with v macro = 3.98 km s −1 . gave T eff = 5852 K, i.e. a very close value. A somewhat lower temperature T eff = 5754 K was found by Nordström et al. (2004) .
As the atmospheric models we use Kurucz's normal metallicity grid http://www.-arm.ac.uk/ csj/ccp7/Atlas/models/ap00k2.dat.
The quite well known temperature was further confirmed by forcing the excitation equilibrium for the most numerous line set (184 lines) of Fe I. The abundances were derived with the help of Kurucz's program WIDTH5. The oscillator strenghths were taken from the SpectroWeb Database (Lobel 2010 ) and the NIST Atomic Spectra Database (Ralchenko et al. 2011) . The van der Waals damping coefficients were taken from Kurucz' line lists (http://kurucz.harvard.edu/linelists.html). Following the recommendations by Edvardsson et al. (1993) , Simmons & Blackwell (1982) and Magain & Zhao (1990) , the enhancement factors 1.0 ÷ 2.5 (depending on line's lower level excitation potential) were applied to the classical van der Waals damping constant.
As a result, the effective temperature was found to be T eff = 5875 ± 40 K. In this process the microturbulent velocity was fixed at ξ t = 1.40 ± 0.10 km s −1 . Using the ionization equilibrium of Fe II and Fe I, the surface gravity was estimated log g = 4.25
Weighted by the number of lines for Fe I and Fe II, the iron abundance in HD 377 is log ε(F e) = 7.71 ± 0.14 or [Fe/H] 
Abundances
The abundances of elements were derived with the help of Kurucz's program WIDTH5 or by spectral synthesis when the hyperfine structure of lines was important.
The sources of oscillator strengths are indicated in Table 2 , where the results on abundances are listed. The measured equivalent widths of lines, the used oscillator strength values and the derived abundances are listed in Table 3 . Most of the used oscillator strengths were taken from the NIST Atomic Spectra Database (Ralchenko et al. 2011) and from the SpectroWeb database (Lobel 2010) . The van der Waals damping constants were taken from Kurucz' line lists or calculated using the classical Unsöld's hydrogenic approximation (Schweitzer et al. 1996) . The constants so calculated need to be increased for non-alkali-like species by some enhancement factor ∆ log C 6 (Weidemann 1955) . In the cases without a special note, the enhancement factor of 2.5 was used.
The lithium abundance was found by synthesis of the spectral range 6702-6714Å. The oscillator strengths for the Li line components were taken from Andersen et al. (1984) . For other lines the Bell (1976) lithium abundance is log ε(Li) = 3.02. The Li line is, however, blended with a Fe I line at 6707.44 which could influence the abundance up to 0.05 dex. However, we fitted the line center and the red wing which are less influenced. Possible non-LTE correction to Li abundance is about -0.04 dex (Lind et al. 2009 ).
The carbon abundance log ε(C) = 8.34 ± 0.17 is determined using nine quite blended lines. Due to a high rotational velocity the weaker lines as [C I] at λ8727.126 could not be measured. For C I lines no damping enhancement factor was applied as all these lines are quite weak. We also synthesized the C 2 Swan system (0,0) bandhead at λ5165.2. The line list was that from Bell (1976) with f 00 = 0.0239 and C 2 dissociation energy D 0 (C 2 ) = 6.16 eV (Lambert 1978) . This short spectral region of 5155-5167Å fits best with the abundance log ε(C) = 8.65, which corresponds to [C/H] = +0.27. Taking into account the large abundance errors derived using atomic lines and this approximate value, one could judge that carbon in HD 377 has probably a solar abundance.
For sodium eight quite strong Na I lines were used with damping enhancement factor 2.0 recommended by Holweger (1971) . Enhancement factor 1.8 was chosen for Ca I lines according to O'Neill & Smith (1980) .
The lines of Mn I and Sc II are brodened by hyperfine structure (HFS) splitting. We relied on the HFS splitting lists by Kurucz (http://kurucz.harvard.edu/linelists-.html) and synthesized nine Mn I lines with a resulting Mn abundance of log ε(Mn) = 5.46 ± 0.09. The Mn abundance was also found without account of the HFS splitting; in that case log ε(Mn) = 5.64 ± 0.10 which is by 0.18 dex higher.
For Sc II the HFS data were taken from the same source. In this case Kurucz's total oscillator strengths are different from those from NIST or SpectroWeb databases. Therefore they were replaced. Synthesis of eight Sc II lines gave log ε(Sc) = 3.08 ± 0.15. Without HFS splitting account we got log ε(Sc) = 3.13 ± 0.17.
For Co the Kurucz data were used. As the Co I lines are all week the effect of HFS is small.
The Cu abundance was determined using only one Cu I line at λ5105.56 using the Kurucz HFS data with the total oscillator strength log gf = −1.52. This gives very low Cu abundance log ε(Cu) = 4.10. Directly from the equivalent width the abundance is is larger log ε(Cu) = 4.21. The difference is partly due to a blend in the blue wing of the line which was not removed when measuring the equivalent width.
For Ba II Edvardsson et al. (1993) recommended very large damping enhancement factor 3.0. From four rather strong lines we got the barium abundance log ε(Ba) = 2.34 ± 0.10.
La II is also broadened by HFS but using recommendations by Lawler et al. (2001) three weak La II lines were used for determining the La abundance from the equivalent widths without HFS splitting taken into account.
Non-LTE corrections
As the atmospheric parameters of HD 377 are quite close to the solar ones, we have used the available estimates of non-LTE corrections calculated for the Sun. Below we list such corrections collected from the literature. Stürenburg & Holweger (1990) found that C I non-LTE abundance corrections for the Sun are small (< −0.05 dex). Takeda & Honda (2005) found for two C I lines at 5052 and 5080Å(also used in this work) that the corrections are negligible.
The oxygen abundance was determined using three strong lines of O I at λ 7771-5. The triplet lines arise from a high excited level and are very sensitive to departures from LTE. The actual role of collisions by neutral hydrogen is not well known. Assuming an intermidiate value of S H ≈ 1/3, the mean non-LTE correction for the triplet is -0.20 dex (Caffan et al. 2008) .
For Na I Mashonkina et al. (1996) found slightly negative non-LTE abundance corrections ∼ -0.15 dex. On the other hand, Shi et al. (2004) found the corrections -0.07 to -0.03 dex for similar effective temperatures, surface gravities and metallicities.
The non-LTE abundance corrections for Mg I lines are positive and do not exceed 0.14 dex (Zhao et al. 1998) . The largest correction, 0.14 dex, was found for Mg I 7657.6 line neglecting the hydrogen collisions.
For Si I lines with λ < 8000 the non-LTE corrections are very small, ≤ −0.02 dex (Shi et al. 2008) . For Si II lines they are less than 0.01 dex.
For the used Ca I lines the corrections are essentially zero (Mashonkina et al. 2007 ). For two Ca II lines at 8248.80Å and 8254.70Å they are +0.14 and +0.02 dex respectively, if calculated neglecting hydrogen collisions (S H = 0).
For Sc II lines the abundance corrections are again small (< −0.05 dex), as found by Zhang et al. (2008) .
There are no studies of non-LTE effects for titanium and vanadium. Bergemann & Cescutti (2010) found for solar Cr I lines the non-LTE abundance corrections +0.05 to 0.11 dex depending on line strength and lower excitation potential (with S H = 0). The non-LTE corrections for Cr II lines are small and negative. Bergemann & Gehren (2007) performed non-LTE calculations for Mn I lines in the solar spectrum and derived abundance corrections about +0.06 dex. The non-LTE abundance corrections for Fe I have been estimated to be +0.05 assuming S H ) = 0 (Collet et al. 2005) .
Co I has quite large non-LTE abundance corrections of about +0.13 dex calculated with S H ) = 0 (Bergemann et al. 2009) .
No non-LTE data were found for Ni and Cu. For rare Earth elements of lanthanide series only for Eu II such data are available.
For three Zn I lines the non-LTE corrections were calculated by with a mean result of -0.03 dex. Mashonkina & Gehren (2000) studied Ba II lines in the solar spectrum and found a correction of about +0.08.
The listed non-LTE corrections were added to the [El/H] column in Table 2 . As the corrections vary from line to line, only one decimal number is given when the correction was added.
CONCLUSIONS
We have found that HD 377 is a metal rich star with [Fe/H] = 0.25 dex. This is expected for so young object with log(Age/yr) = 8.0 ÷ 8.5 and with the approximately solar distance from the Galactic center (Edvardsson et al. 1993 ). There is a marked underabundance of the α elements relative to iron. Lithium is only slightly depleted compared to the meteoritic value indicating to a very low age of log(Age/yr) = 6.5 according to its depletion theory (Pinsonneault et al. 1989) . The Li age given by Roccatagliata et al. (2009) , log(Age/yr) = 7.8, is also quite low. This is in accordance with finding that Li can be used as age indicator only for the ages lower than 200 Myr. 
